We compare the apparent axial ratio distributions of Brightest Cluster Galaxies (BCGs) and normal ellipticals (Es) in our sample of 75 galaxy clusters from the WINGS survey. Most BCGs in our clusters (69%) are classified as cD galaxies. The sample of cDs has been completed by 14 additional cDs (non-BCGs) we found in our clusters. We deproject the apparent axial ratio distributions of Es, BCGs and cDs using a bi-variate version of the rectification Lucy's algorithm, whose results are supported by an independent Monte-Carlo technique. Finally, we compare the intrinsic shape distribution of BCGs to the corresponding shape distribution of the central part of cluster-sized dark-matter halos extracted from the GIF2 ΛCDM N -body simulations. We find that: (i) Es have triaxial shape, the triaxiality sharing almost evenly the intrinsic axial ratios parameter space, with a weak preference for prolateness; (ii) the BCGs have triaxial shape as well. However, their tendence towards prolateness is much stronger than in the case of Es. Such a strong prolateness appears entirely due to the sizeable (dominant) component of cDs inside the WINGS sample of BCGs. In fact, while the 'normal' (non-cD) BCGs do not differ from Es, as far as the shape distribution is concerned, the axial ratio distribution of BCG cD galaxies is found to support quite prolate shapes; (iii) our result turns out to be strongly at variance with the only similar, previous analysis by Ryden et al. (1993, RLP93), where BCGs and Es were found to share the same axial ratio distribution; (iv) our data suggest that the above discrepancy is mainly caused by the different criteria that RLP93 and ourselves use to select the cluster samples, coupled with a preference of cDs to reside in powerful X-ray emitting clusters; (v) the GIF2 N -body results suggest that the prolateness of the BCGs (in particular the cDs) could reflect the shape of the associated dark matter halos.
less dense regions. The brightest cluster galaxies (BCGs) are usually elliptical-like galaxies, often much brighter than the rest of the global population of Es (Sandage and Hardy 1973; Schombert 1986 Schombert , 1992 . They are normally found close to the peaks of galaxy number density (Beers and Geller 1983) and X-ray emission (Jones and Forman 1984) of the cluster. The significant alignment between the elongations of the BCGs and their host clusters in both the optical (Carter and Metcalfe 1980; Struble 1990; Plionis et al. 2003 ) and X-ray bands (Hashimoto et al. 2008) , together with the correlations between BCGs luminosity and cluster properties (i.e. X-ray temperature; Edge and Stewart 1991) , suggests that the formation history of BCGs is closely linked to that of the host clusters (Kormendy and Djorgovski 1989; Coziol et al. 2009 ).
Among the different formation scenarios which have been proposed in the literature for BCGs, we mention: (i) merging of compact galaxy groups before or during cluster assembly and virialization (Ostriker and Tremaine 1975; White 1976; Merritt 1985 , see also N -body simulations by Dubinski 1998); (ii) filament driven, regular accretion of small, gas-rich proto-galactic units (West 1994) ; (iii) tidal stripping from other cluster galaxies (Gallagher and Ostriker 1972; Richstone 1975 Richstone , 1976 ; (iv) continuous accretion of star forming gas from the intracluster medium (cooling flows ; Silk 1976; Fabian 1994) ; (v) late assembling (z ∼0.5) of smaller, gas-poor (red) galaxies in hierarchical scenario (De Lucia and Blaizot 2007; Bernardi et al. 2007) . Although each one of the proposed mechanisms turns out to present some drawbacks when compared with the observations, all of them are likely to contribute, with different strength and timings, to the whole process of formation of BCGs.
From the observational point of view, the BCGs are special in many aspects: besides the unusually high luminosity, the BCGs exhibit huge sizes, sometimes further enlarged by diffuse, very extended halos. In this case they are called cD galaxies and their sizes may even reach ∼300 kpc (Oemler 1976; Schombert 1988) . The BCGs are also extremely massive objects (up to ∼ 10 13 M⊙), with peculiar kinematics, in that they have lower velocity dispersions and larger radii than predicted by the Faber-Jackson and Kormendy relations (Thuan and Romanishin 1981; Hoessel et al. 1987; Schombert 1987; Oegerle and Hoessel 1991; Bernardi et al. 2007) , consistent with the presence of a larger fraction of dark matter (von der Linden et al. 2007 ) and/or with significant growth of BCGs via dissipationless mergers (Desroches et al. 2007 ). Finally, the BCGs often display multiple nuclei (Schneider et al. 1983; Laine et al. 2003) and have been frequently identified as powerful radio sources (Giacintucci et al. 2007) .
The fact that BCGs are peculiar in so many aspects with respect to the population of normal Es, might suggest that their shape too differs from that of Es. Also, the special role played by BCGs in the formation history of clusters could result in a rather peculiar shape. Normal ellipticals are generally believed to cover the whole range of triaxiality (Fasano and Vio 1991; Ryden 1992; Bak and Statler 2000) , while both evolutionary scenarios supported by simple dynamical considerations (West 1994) and N -body simulations of self-consistent models of galaxy clusters including dark matter component (Dubinski 1998), both predict BCGs with significantly prolate shapes. Remarkably enough, also the N -body simulations of BCGs-scale, dark-matter halos in ΛCDM cosmology lead to similar conclusions about their shape (Warren et al. 1992; Bailin and Steinmetz 2005; Allgood et al 2006; Bett et al. 2007) , with the additional, interesting hint that the dark matter halos become more prolate towards their inner part and at increasing the halo mass (Cole and Lacey 1996; Gottlöber and Yepes 2007) . In spite of these converging indications, the only direct comparison available up to now in the literature between the observed axial ratio distributions of BCGs and Es (Ryden et al. 1993, hereafter RLP93 , observations in the Kron-Cousins R band) led to the conclusion that they are very similar.
In this paper we perform a new comparison between the distributions of the observed axial ratios (hereafter q=minor-/major-axis) of BCGs and Es exploiting the large database of nearby cluster galaxies provided by the WINGS survey Varela et al. 2009 ). We pay particular attention to the distinction between normal BCGs and cDs, thus including in the sample the non-BCGs, cD galaxies. We also deproject the apparent axial ratio distributions to get the corresponding distributions of the intrinsic axial ratios. Finally, using the GIF2 ΛCDM cosmological simulations, we extract 3510 cluster-sized dark-matter halos and calculate the central shape at the corresponding BCG scale, allowing us to compare their intrinsic axial ratio distributions with those of the observed BCGs.
In Section 2 we describe the galaxy sample and the axial ratio data we use in our analysis. In Section 3 the axial ratio distributions of Es, BCGs and cDs are presented and discussed and the comparison with the results of RLP93 is performed. Section 4 outlines the technical aspects of the deprojection and presents the distributions of the intrinsic axial ratios we obtain applying such deprojection techniques to the Es, BCGs and cDs samples. In Section 5 we discuss our results and compare the intrinsic shapes of BCGs to those obtained from the GIF2 N -body data. Finally, Section 6 summarize our conclusions. Throughout the paper we use the following cosmology: H0=70 kms −1 Mpc −1 , ΩM =0.3 and ΩΛ=0.7.
GALAXY SAMPLES AND AXIAL RATIO DATA
We have extracted our samples of BCGs and Es from the WIde-field Nearby Galaxy-cluster Survey (WINGS; Fasano et al. 2006) . The 77 clusters of the WINGS sample were selected, in the redshift range 0.04-0.07, from ROSAT catalogs of clusters (Ebeling et al. 1996 (Ebeling et al. , 1998 (Ebeling et al. , 2000 and turn out to cover a wide range of masses (∼ 5 × 10 13 -3.2 × 10 15 M⊙; LogLX ∼43.3-44.7 ergs s −1 ). The optical WINGS survey provides B-and V-band imaging of the whole sample of clusters. Integrated and aperture photometry have been obtained for ∼400,000 galaxies by using SExtractor (Bertin and Arnouts 1996) . The procedures adopted to avoid mutual photometric contamination between big galaxies with extended halos and smaller, halo-embedded companions are described in detail in Varela et al. (2009) . We just recall here that the largest galaxies in each cluster were carefully modeled with IRAF-ELLIPSE and removed from the original images in order to allow a reliable masking of the small companions when performing the surface photometry of the big galaxies themselves. The BCG in Abell 3164 has been excluded from the sample since its surface photometry turned out to be uncertain due to the proximity of the inter-chip region of the CCD mosaic, while the BGC in Abell 3562 was not included due to the quality of the WINGS imaging for this cluster is not good enough to allow a reliable surface photometry and morphology estimate. Thus, the final sample of BCGs consists of 75 galaxies.
We have classified their morphology using the WINGS V-band imaging ) and the purposely devised, automatic tool MORPHOT (Fasano et al. 2010 , in preparation; see also Fasano et al. 2007; Poggianti et al. 2009; Valentinuzzi et al. 2009 ). The logical sequence and the basic procedures of MORPHOT are outlined in the Appendix, with particular reference to its capability of disentangling cDs from BCG Es.
On the other hand, the quantitative, multi-component analysis of the luminosity profiles has been performed, on both the V-and B-band WINGS images, using GASP2D (Ascaso et al. 2010 , in preparation; see also Méndez-Abreu et al. 2008) . In this case, cD galaxies have been identified by the simultaneous occurence of two conditions: (i) the presence, in the outer profiles, of a light excess (with respect to the inner Sersic component) significantly larger than the photometric errors; (ii) the positioning around a surface brightness level of µV ∼24 of the 'breaking point' where the profile splits up from the inner profile. When MORPHOT and GASP2D (in both V-and B-band) produce different results or when both tools fail to converge (∼33% of the BCG sample), we have assigned the morphological type (E/cD) relying on the visual inspection of the V-band images. The above procedure led us to classify most of the BCGs in our clusters (52 galaxies) as cDs (BGC cD, hereafter) . Table 1 reports the basic information about the BCGs in our sample, as well as some relevant properties of the host clusters.
In the clusters Abell 3395 and Abell 3556 the BCGs are quite off-centered with respect to the main concentration of galaxies, while the brightest objects belonging to such concentration (in both cases cD galaxies) turn out to be just slightly fainter than the corresponding BCGs. This motivated us to examine the very luminous galaxies in each cluster, searching for more non-BCG, cD candidates (nBCG cD, hereafter).We found 14 additional cDs (including the two cDs previously mentioned in the central part of Abell 3395 and Abell 3556), all of them being just slightly fainter than the corresponding BCGs (see Table 2 ). Together with the 52 BCG cDs in Table 1 , these objects form a complete sample of 66 cD galaxies to be compared with the BCG E sample and with the sample of normal Es extracted from the WINGS morphological catalogs (MORPHOT). We decided to include in the sample of Es just galaxies with absolute V magnitude MV <-19.5 and cluster-centric distance less than 0.6R200
1 . The first condition guarantees that the mor-1 R 200 is defined as the radius delimiting a sphere with interior mean density 200 times the critical density, approximately equal to the cluster virial radius. 0.6R 200 roughly corresponds to R 500 , whose interior mean density is 500 times the critical density. Only a few WINGS clusters have photometric coverage slightly smaller than 0.6R 200 (Cava et al. 2009) phological classification is robust enough, while the second condition is necessary to homogenize the photometric coverage of the clusters. Both conditions make the field contamination practically negligible. After having removed the BCG Es and the cDs we are left with a final sample of 1024 Es.
In the framework of the WINGS survey, the surface photometry of several hundreds galaxies per clusters (those with projected area greater than ∼22 arcsec 2 at the isophotal level corresponding to 2.5 times the r.m.s. of the background) has been obtained by using GASPHOT (Pignatelli et al. 2006; D'Onofrio et al. 2009 ). This purposely devised tool performs simultaneous best fitting of the major-and minor-axis growth light curves of galaxies with a 2D flattened Sersic-law, convolved with the appropriate (local) PSF. In the present paper we use for the shape analysis the axial ratios q G of the Sersic model coming out from this best-fittig procedure. The reason for this choice is twofold: (i) since q G is derived from a best-fitting procedure on the whole galaxy body, it is more stable than whatever isophotal axial ratio; (ii) since our result is at variance with RLP93 in that we find more flattened BCGs, and since q G provides the lowest flattening among the various possible axial ratio estimates (as shown below; see Figure 1 ), our choice is a conservative one. Besides q G , GASPHOT provides the axial ratio profiles of the galaxy isophotes. In Table 1 and 2 we report the isophotal axial ratios of the BCG and cD galaxies corresponding to the semi major-axes of 15, 30 and 60 kpc (q 15 , q 30 and q 60 ). It is worth noticing that q G is not seeing-affected by definition, since it comes from the best fit of PSF-convolved Sersic models. Instead, this is not true for the isophotal axial ratios, at least in the innermost galaxy regions. However, we can assume the seeing influence to vanish for D is the isophotal minoraxis. In the case of our (BCG E+cD) sample, even in the worst seeing conditions (FWHM∼2 arcsecs; see Fasano et al. 2006) and for the most flattened objects (b/a∼0.3), the axial ratios of isophotes with semi-major axis >10 arcsecs can be considered not seeing-affected. For most distant WINGS clusters (z∼0.07) this translates into ∼13.5 kpc of isophotal semi-major axis. We conclude that all the isophotal axial ratios reported in Tables 1 and 2 are not seeing affected. We have also collected, for our (BCG E+cD) sample, the axial ratios q S from our photometric catalogs (Varela et al. 2009, SExtractor) and, if available, the axial ratios q L from the LEDA Hypercat database (Paturel et al. 2003 , see again Tables 1 and 2 ). The last ones are actually literature data statistically normalized to the isophote B25, while the first ones are luminosity weighted axial ratios similar to those defined by RLP93, but referred to the whole galaxy body (the axial ratios from RLP93 are instead computed within ∼13 kpc). All these additional estimates of q are useful to understand how the axial ratio definition could influence our results.
In Figure 1 the six different estimates of the axial ratios of our BCG Es+cDs are compared among each another. The BCG Es, BCG cDs and nBCG cDs are represented in the figure by white, black and grey (green in the electronic version) dots, respectively. For clarity, we will identify the panels with the numbers placed in bottom right. First of all, from plots 4, 5 and 9 it is clear that in our (BCG E+cD) galaxy sample the flattening of the isophotes usually in- creases towards the outer galaxy regions. From plots 13 and 15 it is also evident that the axial ratios q G are sistematically larger than both q S and q L . From plots 2 and 10 the axial ratios q S and q G turn out to be consistent with q 60 and q 15 , respectively. Finally, the best consistency with q L is found, although with a large scatter, in panel 8 with q 30 .
THE AXIAL RATIO DISTRIBUTION OF BCG AND NORMAL ELLIPTICALS
In Figure 2 we compare the axial ratio distributions φ(q figure, reports the axial ratio distribution of Es obtained by Fasano and Vio (1991) , which turns out to be fairly in agreement with that of WINGS Es. The bottom panels show the corresponding cumulative distributions and report, in each case, the probability of the "null hypothesis" (i.e. that they are drawn from the same parent populations), according to the Kolmogorov-Smirnov (KS) statistics. Figure 2 (panel a) shows that the distribution φ(q G ) of BCGs looks strongly different from that of normal ellipticals, the BCGs being sistematically flatter than Es. 2 Note that our sample of Es includes galaxies with absolute V magnitude brighter than -19.5: a rather faint cutoff, indeed. Since luminous Es (M B <-20, i.e. roughly M V <-21) are found to be Figure 2 . Differential (top panels) and cumulative (bottom panels) axial ratio distributions in the WINGS survey: comparisons between Es and BCGs (leftmost panels; red and black, respectively), BCG Es and cD galaxies (panel b), BCG Es and Es (panel c), nBCG cDs and BCG cDs (rightmost panels). The bottom panels also report the probability that they are drawn from the same parent populations, according to the KS statistics.
This result is strongly at variance with that obtained by RLP93, who conclude that BCGs and Es share the same axial ratio distribution. Trying to interpret this quite evident discrepancy, we could invoke the different procedures adopted to measure the axial ratios. However, we should note that, among the six different values of q we have collected for our BCGs sample, the one we use to get our distributions (q G ) is by far the one producing the least flattened galaxies (see Figure 1 ), being also quite consistent with q 15 (the same outermost isophote used by RLP93). One could object that, with respect to our method, the one used by RLP93 to measure q tends to overweight the inner galaxy regions, which for the BCGs are well known to be rounder than the outer ones (see again Figure 1 ). However, we should also note that our SExtractor estimates, even if computed in a fashion similar to RLP93, are actually in fair agreement with the isophotal axial ratios at 60 kpcs (q 60 ; see plot 2 in Figure 1 ), which give the flattest distribution. Again, one should object that our SExtractor estimates are computed on the whole galaxy body, while the RLP93 ones refer to the region inside the 15 kpcs. In any case, it is worth stressing that, using the same axial ratio definition (q G ), we get very different q distributions for BCGs and normal Es. At this point, the discrepancy between our result and that obtained by RLP93 remains rather puzzling. In Section 5 we will present a strong guess about the origin of such discrepancy. For now we just note that, besides the result concerning the shape difference between BCGs and Es, the Figure 2 is telling us something else: (i) cD galaxies are significantly rounder (Tremblay and Merritt 1996) , had we adopted a brighter cutoff, the difference between the axial ratio distributions of Es and BCGs would have been even larger.
flatter than BCG Es (panel b), thus implying that the BCGs do not constitute an homogeneous class of objects; (ii) the distribution of BCG Es does not significantly differ from that of normal Es (panel c); (iii) the cD galaxies have an unique, characteristic shape distribution, regardless of the luminosity ranking in the cluster (panel d). Note that this result basically justifies why in panel b BCG Es are compared with the whole sample of cDs rather than just with BCG cDs.
INTRINSIC SHAPES OF BCG AND NORMAL ELLIPTICALS

Technicalities
Following RLP93, hereafter we assume that the intrinsic isoluminosity surfaces of a galaxy are similar coaxial ellipsoids with axis lengths in the ratio 1:β:γ, with 1 β γ, β and γ being the intrinsic axial ratios of the galaxy. Moreover, following Franx et al. (1991) , we quantify the triaxiality of galaxies through the parameter T = (1−β 2 )/(1−γ 2 ) (which becomes 0/1 for perfectly oblate/prolate bodies) and illustrate the results in the (β,γ) plane (see also Figure 1 in Kimm and Yi 2007) .
To explore the probability density funtion ψ(β, γ) of the intrinsic axial ratios for a given sample of galaxies (hopefully of the same morphological family), we deproject the distribution of their observed axial ratios φ(q G ) using the iterative rectification algorithm devised by Lucy (1974) , in particular its equations (13), (14) and (17). In our case the equation (17) in Lucy (1974) becomes:
where N is the size of the galaxy sample and r is the iteration number. In this equation the r-th estimation of φ(q) is obtained through the equation:
where P [q|β, γ, ǫ(q)] is the probability that an ellipsoid with intrinsic axial ratios β and γ is observed with apparent axial ratio q, assuming a random space orientation and the r.m.s. of the errors (ǫ) in the q measurements to be a function of q itself.
The iterative machine requires a first guess ψ 0 (β, γ) of the probability density function we are exploring and a choice of the error function ǫ(q). According to Fasano et al. (1993, see Figure 1 and equation 1 therein), we assume the last one to be a linear function of q. In particular, after some statistical comparison among literature data, we decided to use the equation: ǫ(q) = 0.05(1+q). Concerning the choice of ψ 0 (β, γ), we tried different analytical functions, concluding the most flexible and robust guess to be a confined normal function, bi-variate in the two quantities γ and T (triaxiality). In this way, the first guess of ψ requires eight parameters (upper and lower limits, central value and σ of the normal function, for both T and γ). In general, the lower limits of β and γ could be assumed to be 0.3 (strongly elongated, prolate galaxies) and 0.05 (very thin disk galaxies), respectively. Actually, since we are dealing with Es and cDs galaxies, we are allowed to explore ψ down to γ ∼0.3.
The left and right panels of Figure 3 illustrate, on the plane (β, γ), the result of the previously outlined bivariate Lucy's rectification procedure for the WINGS samples of Es (top panels) and BCG galaxies (bottom panels). For each galaxy sample, we first tried to perform the rectification without any assumption about the initial guess (ψ 0 ≡const.). The distributions obtained in this way for the two galaxy samples are shown in the left panels of the figure. Then, we use such blind runs to refine the results by providing more realistic initial guesses ψ 0 , expressed as confined, bi-variate normal functions of γ and T . The results of this refined de-projection procedure are illustrated in the right panels of Figure 3 . For each sample, the ideal number of algorithm iterations has been choosen relying upon numerical simulations recording the cycle number for which the provisional and the input ψ distributions display the best mutual agreement. Such ideal number turns out to depend on the sample size, being also usually greater than the corresponding values found for the one dimensional application of the Lucy algorithm (see Noerdlinger 1979 for perfectly oblate and prolate cases).
We are obviously aware that, since φ(q) is a function of one variable, it cannot uniquely determine the function ψ(β, γ). This means that the previously devised Lucy algorithm can, in principle, produce totally wrong ψ distributions which perfectly reproduce the observed distributions of φ(q). This actually happens for certain ψ distributions (i.e. disk galaxies) when the first guess ψ 0 is lacking or far from the true ψ. In our case, extensive numerical simulations have shown that, even in default of the first guess (ψ 0 ≡const.), the iterative Lucy machine is able to recover reasonably well the parent ψ distribution. However, in order to obtain an objective, independent check of this conclusion, we have used a procedure similar to that adopted by RLP93. In practice, assuming a gaussian (bi-variate) functional form of ψ(β, γ), we have scanned the (β, γ) space with the gaussian peak, choosing in each point the values of the two standard deviations which, according to the KS statistic, produces the best agreement with the observed axial ratio distribution. In this way, we have produced a grid of KS probabilities that the φ(q) resulting from the random projection of the local gaussian ψ is drawn from the same parent population of the observed axis ratio distribution. The middle panels of Figure 3 illustrate the results of such procedure for both Es (top panel) and BCG galaxies (bottom panel). The impressive overlap between the regions where the distributions ψ(β, γ) peak according to the Lucy's algorithm (left and right panels) and the regions where is highest the probability from KS statistics (middle panels), clearly indicates that, in our specific case, the bi-variate version of the Lucy's algorithm works fairly well, even when it is run in blind mode (ψ 0 ≡const.). We also note that the distribution of KS probabilities for the normal ellipticals in our sample (mid-top panel in Figure 3 ) is quite similar to the corresponding distribution obtained by RLP93 (see Figure 5 therein).
Results
Figure 3 provides us with a robust indication about the intrinsic shapes distributions of both Es and BCGs. Just as expected from the observed axial ratio distributions in Figure 2, they turn out to be quite apart from each other. In particular, there is a clear tendency of the BCGs towards strong prolate configurations peaked at β ∼ γ ∼0.67, while the Es tend to share almost uniformely the whole range of triaxiality, with a slight tendency toward prolateness. Figure 4 is similar to the previous one, but it refers to the comparison between cD and BCG E galaxies in our sample. This figure shows that the strongly prolate shape we found for the whole population of BCGs (see lower panels of Figure 3 ) is entirely due to the sub-sample of cD galaxies. Moreover, in spite of the paucity of the BCG E sample (responsible for the wide distribution of the KS probabilities in the mid-bottom panel of Figure 4 ), we note the similarity between the ψ distributions obtained for Es and BCG Es in the top-right and bottom-right panels of Figures 3 and 4 , respectively.
The results illustrated in Figures 3 and 4 suggest that cD galaxies actually constitute a foreign body inside the global population of cluster early-type galaxies, at least as far as the axial ratio distribution is concerned. To give more robust statistical support to this suggestion, we have obtained the axial ratio distributions of the second-and thirdluminosity-ranked galaxies in our cluster sample and we have compared them with the corresponding distributions of Es, BCGs and cDs. The black dots in Figure 5 report, for the cD galaxies and for the first three ranked ellipticals in the WINGS clusters, the KS probabilities that the observed φ(q) of each galaxy sample and that of the normal Es are drawn from the same parent population.
From this figure it is evident that the φ(q) distributions of the 2 nd -and 3 th -ranked galaxy samples (of which cDs just represent a very small fraction) are undistinguishable from . left and right panels: comparison between the probability distributions ψ(β, γ) obtained with the Lucy algorithm for the sample of normal ellipticals (top panels) and BCG galaxies (bottom panels) in the WINGS survey. The left panels in the figure are obtained in blind mode (initial guess ψ 0 ≡const.), while in the right panels we let ourself be guided by the results of the blind tests to guess ψ. middle panels: distributions of the KS probabilities obtained, for normal ellipticals (top panel) and BCG galaxies (bottom panel), scanning the (β, γ) space with a bivariate, gaussian ψ and comparing in each point the expected φ(q) with the observed axis ratio distribution (see text). The grey tones and the isophotes in each panel illustrate the density levels (see the uppermost grey-tone scale). that of Es, while for the whole sample of BCGs one can exclude the hypothesis of common parent population between these samples and the global elliptical sample. Nevertheless, in analogy with the ψ distributions (see Figures 3 and 4) , if we consider just the BCG E sample (red, empty dot in the figure), again its φ(q) distribution turns out to be undistinguishable from that of normal ellipticals. This confirms our previous claim about the peculiar intrinsic shape of cDs inside the family of early-type cluster galaxies.
DISCUSSION
Cluster X-ray luminosity and BCGs shapes
The last mentioned result could also be enough to explain the discrepancy between our finding and the result from RLP93. In fact, the fraction of clusters containing at least one cD galaxy in our sample is ∼75% (56 clusters). Instead, using the morphological information provided by the Nasa Extragalactic Database (NED), we were able to associate cD types to just ∼26% of the BCGs in the RLP93 sample. Even though most of the BCGs in the RLP93 sample are actually lacking NED morphological information, there is an indication that the BCG Es (less flattened) dominate the RLP93 sample, while the cDs (more flattened) dominate our sample of BCGs. This circumstance can easily justify the above discrepancy.
Trying to explain the remarkable difference in the cD frequency between the two cluster samples, we suggest it could be due to the different cluster selection criteria. In fact, WINGS clusters have been selected, in the redshift range 0.04-0.07, to be powerful X-ray emitters (LogLX >43.3 erg s −1 ). Conversely, the RLP93 sample, even spanning a similar range of redshift, does not obey this criterion. Therefore, the different percentages of cDs could be easily explained if cD galaxies preferentially resided in X-ray powerful clusters. Since we were not able to find in the literature any clear indication about such a possibility, we tested it in our cluster sample. From Figure 6 the tendence of cDs to preferably reside in X-ray powerful clusters is confirmed with high significance (>99%) if just BCG cDs are considered (right panel), while the significance is slightly lower if we also consider nBCG cDs (left panel). Such small difference of significance might suggest that the above tendency is stronger for BCG cDs than for nBCG cDs. However, the KS test applied to the X-ray luminosity distributions of clusters hosting BCG cDs and nBCG cDs turns out to be inconclusive (ProbKS ∼50%).
Since cDs are known to be specially luminous and sizeable even among the BCGs, the previous result about their preference to reside in X-ray powerful clusters suggests that a correlation should exist between the BCGs absolute magnitude (or size) and the cluster X-ray luminosity (or mass). Actually, similar correlations have been already reported in the literature (Burke et al. 2000; Brough et al. 2002; Katayama et al. 2003; Lin and Mohr 2004; Brough et al. 2005; Whiley et al. 2008) . Figure 7 show the above correlations for the WINGS cluster sample. In this figure the BCGs luminosities are expressed in K-band absolute magnitudes from 2MASS (see Table 1 ) and the virial masses of the clusters are computed from the velocity dispersion of galaxies inside them (both these quantities are reported in Table 1 ). The radii of the BCGs in the right panel of the figure are equivalent radii ( √ a × b) computed from the threshold area reported in the photometric WINGS catalogs (Varela et al. 2009 ). Even if not fully homogeneous in the surface brightness level, this kind of size measurement turns out to be useful to sample the outer shapes of the BCGs. In Section 5.2 these shapes will be compared with those of dark-matter halos from ΛCDM N -body simulations, which are hardly recoverable in their inner part, due to the insufficient resolution. Besides the Pearson correlation coefficients, Figure 7 reports the probabilities of the null hypothesis (no correlation). Moreover, the right panel of the figure also report the linear fit (r.m.s∼0.13):
Log(R kpc BCG ) = 0.37(±0.056)×Log(Mass Clus. )−3.67(±0.81) (3) which we use in the analysis of the ΛCDM N -body simulations (see next section).
Dark-matter halos N -body simulations
It is interesting to compare the distribution of BCG axial ratios in the WINGS survey with that of the central part (at BCGs scale) of cluster-sized dark-matter halos obtained with ΛCDM N -body simulations. In the ΛCDM scenario, small dark matter haloes form first and grow subsequently to larger structures via accretion and merging processes. Such processes are generally anisotropic, so that dark matter halos are expected to be non-spherical. A number of papers have been devoted to the shape analysis of dark-matter halos (see references in Section 1). Recently some studies, with both simulations and comparison with observations, have shown the importance of the total mass in determining the final halo shape. Indeed, it has been noted that the flattening increases with halo mass, becoming more pronounced at Mvir > 10 14 M⊙ (see, among others, Wang et al. 2008; Macciò et al. 2008; Flores et al. 2007 ). Moreover, by using a set of hydrodynamical simulations on the cluster mass scale, Kazantzidis et al. (2004) and Gottlöber and Yepes (2007) find that gas cooling makes the central parts of the halos more round. Thus, one should expect that dark matter halos of galaxy clusters are even more elongated that the embedded central BCGs. Finally, both dynamical models (West 1994) and N -body simulations (Dubinski 1998) suggest that halos are preferentially aligned with primordial filaments, as well as with the elongation of the host galaxy cluster.
A truly realistic comparison between our observations and numerical simulations would require an accurate modelling of hydrodynamics, radiative cooling, star formation and energy feedback from SNs and AGNs, high enough mass Figure 5 . KS probabilities relative to the comparisons of the axial ratio distribution of Es with those of cD galaxies and of the first three luminosity ranked ellipticals in the WINGS cluster. The red dot refer to the BCG E sample (non cDs).
and force resolution, and full control over the numerical effects. Unfortunately, our incomplete knowledge of the details of galaxy formation, and the insufficient computational capabilities, make this impossible as of today. We must thus rely on the more robust -although simpler -modelling of the dark-matter distribution. In order to make such a comparison still meaningful, we chose to compare the intrinsic shape of BCGs with that of the innermost region of cluster-sized dark matter halos extracted from a cosmological simulation.
We compare the intrinsic shape of our BCGs with that of the innermost region of cluster-sized dark matter haloes extracted from GIF2 simulation (see Gao et al. 2004, , hereafter GIF2) 3 , a cosmological N -body simulation of the concordance ΛCDM model, performed with 400 3 dark-matter particles in a box of 110 Mpc/h on a side. Halos were identified at redshift z = 0 using a spherical overdensity criterion, cut at the ΛCDM virial overdensity: ∆vir = 324 (Eke et al. 1996) . Among these we selected 3510 halos with 3 data publicly available at http://www.mpa-garching.mpg.de/Virgo/data download.html virial mass above 10 14 M⊙, appropriate to compare to the WINGS galaxy clusters (see lower mass limit in right panel of Figure 7 ).
Given the discrete structure (particles) of the matter distribution in the N -body simulations, we have used an iterative procedure to obtain the shapes of the halo isodensity shells. As a first guess, we calculated the main axes of the dark-matter particle distribution inside a sphere of radius RBCG, where RBCG is randomly assigned from equation (3), assuming a gaussian scatter (see also right panel of Figure 7 ). Then, keeping the volume of the region fixed, we define a new ellipsoidal region using these axes and obtain new values for the main axes. We iterate this procedure until the main axes converge to a stable value, which we assigned to the dark matter halo as representative of its "simulated" BCG. The typical dark matter overdensity at the radii considered in this procedure is of order 10 5 times the background density. In the upper-left panel of Figure 8 we plot the distribution of the intrinsic axial ratios for the dark matter halo regions thus identified.
The comparison of this plot with Figures 3 and 4 , led us to the conclusion that dark matter halos are even more elongated and strongly prolate than our BCGs/cDs galaxies. However, it is worth recalling that the axial ratios in Figures 3 and 4 refer to the effective isophotes, while the size distribution we use to extract the intrinsic shapes of darkmatter halos in the GIF2 simulation has been calibrated (right panel of Figure 7 and eq. 3) on the threshold isophotes of the BCG sample, which, as seen in panel 15 of Figure 1 , tend to be flatter than the effective isophotes. To obtain a more consistent comparison, in the remaining panels of Figure 8 we illustrate the results of the previously outlined rectification procedure (with initial guess ψ 0 ≡const.) on our samples of BCGs (upper-right), BCG Es (bottom-left) and cDs (bottom-right), when the axial ratios of the threshold isophotes ( q S ) are used instead of the effective axial ratios ( q G ). Even if in this case the BCGs tend to be more elongated than in the case of the effective isophote, still they turn out to be rounder when compared to the dark matter halos, giv- ing support to the results of Kazantzidis et al. (2004) and Gottlöber and Yepes (2007) about gas cooling effects on the central parts of simulated galaxy clusters.
The shapes of BCGs and their evolution
In our sample of BCGs, the distributions of many quantities indicate that BCG cDs are systematically different from BCG Es (stronger flattening, higher mass and larger size, preference to reside in massive and X-ray powerful clusters; see Figures 2, 6 and 7) . However, the only statistically robust differences concern the shapes (PKS <0.001) and the X-ray luminosity of the host clusters (PKS <0.01).
The tendency of cDs to reside in more X-ray powerful clusters and their strong prolateness when compared to BCG Es, together with the (even more) elongated and prolate shapes of the inner parts of cluster-sized, simulated dark matter halos (see Figure 8 ), could give interesting hints for understanding the formation histories of both the BCGs and the host clusters themselves.
A detailed discussion about what the above mentioned results, together with those emerging from recent dynamical and stellar population studies of BCGs, imply about their formation and evolution, is beyond the scope of this paper. We actually plan going deeper into this topic in a forthcoming paper, using the whole information on BCGs from the WINGS database. We just provide here a few specula-tions, also based on the results of some recent analyses in the literature. Stott et al. (2008) , Whiley et al. (2008) and Collins et al. (2009) have demonstrated that the stellar population in BCGs has been mostly in place (90% of the total mass) since z∼2 and that, contrary to the predictions of cosmological simulations and hierarchical-based galaxy formation models (Bower et al. 2006; De Lucia and Blaizot 2007) , the BCGs are almost fully assembled a few billion years after the Big Bang. On the other hand, converging indications exist that the most luminous (and massive) BCGs may often display signatures of most recent star formation (blue-cores), likely related to the presence in the host clusters of cooling flows and X-ray luminosity excess with respect to the average LX − TX relation (Bildfell et al. 2008; Loubser et al. 2009 ). The most luminous BCGs are also claimed by Bildfell et al. (2008) to be closer to the peaks of the cluster X-ray emission with respect to the less luminous BCGs. Finally, Coziol et al. (2009) show that most BCGs are not at rest in the potential well of their clusters, suggesting a merging-group scenario, where BCGs formed first in smaller subsystems and clusters formed more recently from the mergers of many such groups. They also claim that the relative peculiar velocity inside the cluster (i.e. the difference between specific and average velocity, normalized to the velocity dispersion) is lower for BCG cDs than for BCG Es.
All these claims, together with the findings reported in the present paper and the fact that the BCG cDs are (on average) more luminous and massive than the BCG Es, point toward a scenario in which BCG cDs and BCG Es have experienced quite different formation and evolution processes, although both have been assembled very early (old stellar populations). In particular, the BCG cDs could have been formed close to the centers of quite sizeable and prolate (Gottlöber and Yepes 2007) dark-matter halos, dominant with respect to the surroundig ones and progenitors of the most massive, present day halos (small displacement of the BCGs from the cluster centers and small relative peculiar velocity). In this context, considerable and prolonged accretion of material through cooling flows (enhanced X-ray emission) and/or dry minor mergers (Bernardi 2009 ), associated with modest star formation (blue-cores), could have been at work from preferential directions (the streaming filaments), thus producing a puffing up process along them, leading to the formation of extended and elongated halos (cD morphology). On the other side, the BCG Es could have formed inside group-sized halos, not much larger than the surrounding ones. Later on, according to the scenario proposed by Coziol et al. (2009) , the galaxy groups originating the BCG Es could have merged with many other groups, to form cluster-sized systems. In this context, one should expect the BCGs to show very low or absent star formation, to have larger displacement from the cluster centers and larger relative peculiar velocities compared to the BCG cDs. Moreover, in this case the host clusters are expected to show less frequently cooling flows and to be less powerful X-ray emitters.
SUMMARY
In this paper we have analysed the apparent axial ratio distributions of the BCGs and of the normal ellipticals in our sample of 75 galaxy clusters from the WINGS survey. Most BCGs in our clusters (52) have been classified as cD galaxies. The cD sample has been completed by 14 additional cDs (non-BCGs) we found in our clusters. We have deprojected the apparent axial ratios distributions of BCGs, cDs and normal ellipticals using a bi-variate version of the rectification Lucy's algorithm. Since in our case the bi-variate distribution of the intrinsic axial ratios cannot be uniquely determined by the univariate distribution of the apparent axial ratios, we have used an independent Monte-Carlo technique to support the results of the Lucy's algorithm. Finally, we have used the GIF2 ΛCDM N -body simulations of clustersized, dark-matter halos, to compare the intrinsic shapes of the inner part (BCG-sized) of halos with those of the observed BCGs.
The main conclusions are the following:
• The normal Es have triaxial shape, the triaxiality parameter sharing almost evenly the (β,γ) space (with a slight preference for prolateness) and the γ parameter peaking around 0.7. In this case, our result is fairly in agreement with that provided by RLP93;
• the normal BCGs (non-cDs) and the second and third luminosity ranked Es in the clusters do not differ from the global population of Es as far as the distribution of the intrinsic shapes is concerned;
• the cDs have triaxial shape too. However, in this case the tendency towards prolateness is very strong and the preferred values of β and γ are significantly lower (∼0.6) than the peak values found for Es;
• since more than 2/3 of the BCGs in our sample are cD galaxies, the results of the shape analysis for our global sample of BCGs are similar to those obtained for cDs (prolateness, significant difference from the Es);
• this result turns out to be strongly at variance with the conclusions given by RLP93, who found that BCGs and Es have similar apparent and intrinsic axial ratio distributions. This discrepancy is harldy attributable just to systematic differences in the axial ratios measurements;
• since we find that, among BCGs, cDs are quite flatter that non-cDs, and since the WINGS clusters have been selected to be X-ray powerful, while the RLP93 clusters haven't, we suggest the above discrepancy to be caused by a preference of cDs to reside in X-ray emitting clusters. Actually, this hypothesis turns out to be supported by the comparison between the X-ray luminosity distributions of the cD and non-cD clusters in our sample;
• the prolateness of the BCGs (in particular of the cDs) could reflect the shape of the associated dark-matter halos, according to the GIF2 N -body data.
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We thank Paola Mazzei and Marisa Girardi for useful discussions. We are also grateful to the anonymous referee, whose comments allowed us to improve the paper. Table 1 . Main properties of the BCG sample and of the host clusters (a) Decimal logarithm of the X-ray luminosities in the 0.1-2.4 keV band from Ebeling et al. (1996 Ebeling et al. ( , 1998 Ebeling et al. ( , 2000 (b)-(c) Decimal logarithm of the velocity dispersions of cluster galaxies (b) and average redshifts of clusters (c) from Cava et al. (2009) . Some values have been updated, according to Cava et al. (2010) . MORPHOT is an automatic tool for galaxy morphology, puposely devised in the framework of the WINGS project. An exhaustive description of the tool will be given in a forthcoming paper (Fasano et al., in preparation) . Here we just outline the logical sequence and the basic procedures of MORPHOT. It extends the classical CAS (Concentration/Asymmetry/clumpinesS) parameter set (Conselice 2003) , by using 20 image-based morphological diagnostics. Fourteen of them have never been used, while the remaining six are actually already present in the literature, although in slightly different forms: the Sersic index, the Concentration index (Conselice 2003) , the Gini and M20 coefficients (Lotz et al. 2004) , the Asymmetry and Clumpiness parameters (Conselice 2003) . Besides depending on the visual morphology, all diagnostic are also empirically found to depend on the relative size (area enclosing 80% of the total light divided by FWHM area) and flattening of galaxies, as well as on the image S/N ratio. These 'a priori' dependencies have been removed using a sizeable set of simulated galaxies and a control sample of ∼1500 WINGS+SDSS galaxies, visually classified by two of us (GF and AD). These visual classifications have been used to calibrate and combine the 20 diagnostics, thus obtaining a final, single estimator of the morphological type, equipped with the proper confidence interval. This has been achieved by averaging the results of two different, totally independent approaches, based on the Neural Network (NN) and Maximum Likelihood (ML) techniques. The first approach (NN) is based on a particular kind of feed-forward Neural Network, called Multilayer Perceptron Artificial NN (MLP, see Vanzella et al. 2004) . In this case the control galaxy sample provides the training set of the NN machine, with the morphological diagnostics used as inputs and the visual classifications as targets. In the ML-based approach the probability density distributions of all diagnostics for all morphological types are drawn from the control galaxy sample. In this case the 'blind' morphological type estimate of any other galaxy is obtained maximizing the product of the probabilities of the particular set of diagnostics derived from the galaxy image.
Defining each diagnostic and explaining its meaning is beyond the scope of the present paper. Here we just mention that all diagnostics are normalized to vary in the range (0-1) and that four out of the 14 newly devised diagnostics turned out to be the most effective ones in order to disentangle cDs from BCG Es. They are: (i) a modified version of the Gini coefficient (GID), where the pixels are sorted according to the distance from the galaxy center, rather than according to the flux (as in Lotz et al. 2004) ; (ii) a Diskiness coefficient (DSK), measuring the correlation between azimuth and pixel flux relative to the average flux value of the elliptical isophote passing through the pixel itself; (iii) an image-averaged 2D-Laplacian (LAP ) in polar coordinates, roughly quantifying the global degree of concaveness of the galaxy profile; (iv) an Alignment coefficient (ALI), measuring the average concordance between the (local) maximum flux gradient direction and the (local) direction of the galaxy center.
In Figure A1 , the cumulative distributions of the four Figure A1 . Comparison between cDs (full line) and BCG Es (dashed line; red in the electronic version) for the cumulative distributions of the morphological diagnostics GID, DSK, LAP and ALI (see text for a short description of them).
above mentioned diagnostics for cDs and BCG Es are reported for comparison, together with the relative KS probabilities. The figure shows that, compared with BCG Es, the cD galaxies have (on average) lower values of GID (less peaked profiles) and larger values of DSK (more disky), LAP (more concave) and ALI (local gradient better aligned with the galaxy center). Even if none of the four diagnostics illustrated in the figure, alone, turns out to be conclusive, their combination (through MORPHOT) provides us with a powerful tool for the particular task of disentangling cDs from BCG Es.
